Detailed hydrometeorological data from the rain-to-snow transition zone in mountain regions are limited. As the climate warms, the transition from rain to snow is moving to higher elevations, and these changes are altering the timing of down slope water delivery. To understand how these changes impact hydrological and biological processes in this climatologically sensitive region, detailed observations from the rain-to-snow transition zone are required. We present a complete hydrometeorological dataset for water years 2004 through 2014 for a watershed that spans the rain-to-snow 5 transition zone (DOI:10.15482/USDA.ADC/1258769). The Johnston Draw watershed (1.8 km2), ranging from 1497 -1869 m in elevation, is a sub-watershed of the Reynolds Creek Experimental Watershed (RCEW) in southwestern Idaho.
Although the rain-to-snow transition zone is recognized as important on regional and continental scales [e.g. Mote et al., 2005; Klos et al., 2014; Trujillo and Molotch, 2014; Lute et al., 2015] , it is surprisingly poorly characterized. Published watershed-scale datasets of precipitation, temperature, humidity, wind, radiation, snow, and resultant streamflow representative of an entire basin spanning the rain-to-snow transition are limited. We conducted a meta-analysis in order to determine published data availability in the rain-to-snow transition zone. We did this by searching the key words: "rain-snow 5 transition data" OR "rain snow zone data" in Web of Science (search date: 4/16/2016). Out of the 79 returns, only 5 publications (6.3 %) had published freely available hydrometeorological data in the rain-to-snow transition zone. These 5 datasets are from (1) a small catchment in the Dry Creek Experimental Watershed (DCEW) southwestern Idaho, U.S.
[ Kormos et al., 2014b] , (2) various small-to medium-sized watersheds in the contiguous U.S. [Newman et al., 2015] , (3) a site in Washington Cascades, U.S. [Wayand et al., 2015] , (4) various sub-watersheds from the Reynolds Creek Experimental 10 Watershed (RCEW) southwestern Idaho [Marks et al., 2013] , and (5) a site in Davos, Switzerland [WSL Institute for Snow and Avalanche Research SLF, 2015] . The remaining 74 returns either were conducted in watersheds that did not span the rain-to-snow transition, or the data associated with their research were neither published nor easily available for public use. It is possible that additional datasets exist, but were not discovered using the search terms that we applied (e.g., data from a site Col de Porte, France [Morin et al., 2012] ), who describe a dataset, but did not publish it. Although data presented by Morin 15 et al. [2012] , Wayand et al. [2015] , and WSL Institute for Snow and Avalanche Research SLF [2015] are useful, our dataset is unique because it includes basin-wide measurements and stream discharge, which permit hydrologic modeling and a mass balance approach.
In this paper, we present a comprehensive hydrometeorological dataset for 11 water years (WY) from WY 2004 WY -2014 the Johnston Draw (JD) watershed that spans the rain-to-snow transition zone in southwestern Idaho. The dataset is unique not only because the site falls within this climatically sensitive zone, but also because it has instrumentation that encompasses information on the effects of both elevation and aspect on snow accumulation, and soil moisture and temperature. The dataset includes measurements of soil temperature and moisture that support studies of the interactions between the atmosphere and the ground surface. The dataset spans a time period in which conditions were warmer than 25 previous years of record, possibly representing what can be expected as regional climate warming advances. Our objective is to provide this high spatiotemporal resolution dataset to study long-term climatic trends as well as shorter-term variations at intra-event, intra-annual, and inter-annual scales.
Site Description
The Johnston Draw (JD) is a 1.79 km 2 sub-watershed of RCEW and is located in southwestern Idaho (Figure 1 ). RCEW is 30 managed by the USDA Agricultural Research Service (ARS) Northwest Watershed Research Center (NWRC) and is also a National Science Foundation Critical Zone Observatory (CZO). The elevation at JD ranges between 1497 -1869 m, spanning the rain-to-snow transition zone where the precipitation phase at higher elevations is snow-dominated, and rain-Earth Syst. Sci. Data Discuss., doi:10.5194/essd-2016 -44, 2016 Open Access [Stephenson, 1970] . The dominant soil texture on both north-and south-facing slopes is classified as sandy loam and soils 5 are shallower (~ 50 cm deep) on south-facing slopes compared to north-facing slopes (~ 100 cm deep) [USDA, 2015] . The bedrock in the watershed consists mainly of granitic rock (79 %), with some basalt (3 %), and welded tuff (18 %) [Stephenson, 1970] .
The dataset includes data from 11 meteorological stations and one streamflow station (Table 1) . Three full meteorological stations (124, 124b, and 125) measure an extensive suite of variables, including air temperature, relative humidity, wind 10 speed and direction, incoming shortwave radiation, precipitation, snow depth, and soil temperature and moisture. The additional 8 meteorological stations (jdt1, jdt2, jdt3, jdt4, jdt5, jdt2b, jdt3b, and jdt4b) measure select variables for specific purposes (see Table 1 and below for details). In 2002, the ARS installed full meteorological stations at the bottom (site 125) and top (site 124) of JD, and a weir at the outflow (site 125b). During 2003 -2005, an additional 5 meteorological stations (jdt1, jdt2, jdt3, jdt4, and jdt5) were installed on the north-facing side of JD to provide measurements of temperature (Ta), 15 humidity (RH), wind (ws and wd) and snow depth (zs) -so that along with stations 125 at the bottom and 124 at the top -a measurement site was established for every 50 m of elevation in the JD catchment. In 2005, a full meteorological station (site 124b) was established in an aspen grove near the top of JD to provide weather data at a wind-sheltered site. In 2010, three additional stations (jdt2b, jdt3b, and jdt4b) were installed on the south-facing side of JD, at roughly the same elevations as jdt2, jdt3 and jdt4 on the north-facing side. At the same time, instruments to measure soil temperature (T g ) and moisture (θ) 20 were added to 8 of the 11 sites (jdt1, jdt2, jdt3, jdt4, jdt2b, jdt3b, jdt4b, and 124b) at regular depths to as deep as 100 cm below the ground surface. The maximum depth at each site depends on the depth to bedrock because the instruments could not be installed in bedrock or saprolite. Two soil profiles were installed at 124b due to large vegetation differences within a small area: 124ba, which is located in an aspen grove, and 124bs, which is located in mountain sagebrush. Details of the sensors used to measure each parameter, as well as the sensor accuracy, operating range, and temperature dependence are 25 provided with the data.
Data Description

Meteorological Data
All data presented here were checked for time inconsistencies based on the World Meteorological Organization's QA/QC standards [Zahumenský, 2004] . The data were corrected and gap-filled using linear interpolation for gaps less than 3 hours or 30 multiple linear regression for longer gaps from measurements of the same variable at surrounding sites. All observations were recorded on an hourly time step with varying start times for each station (Table 1) . We have condensed the relatively Earth Syst. Sci. Data Discuss., doi: 10.5194/essd-2016-44, 2016 Open Access large amount of data into summaries to convey conditions within the watershed. For this purpose, we chose two WYs; WY2011 was a cool and wet year, and WY2014, a warm and dry year. These WYs were selected to illustrate subsequent figures and analyses because we assumed these two years represent the range and diversity of conditions during the 11-WY time period.
Temperature and Relative Humidity 5
T a and RH were measured continuously at all sites in JD from WY2004 -WY2014. Water vapor pressure (e a ) and dew point temperature (T d ) were calculated using measured T a , RH, and software tools (IPW workbench) [Frew, 1990; Marks et al., 1999b] . The IPW tools are optimized for temperatures near freezing (0 °C) providing greater accuracy for e a and T d as T a approaches 0 °C. This accuracy is critical for the determination of precipitation phase in the rain-to-snow transition zone.
We define a storm as a period of time during which there are no more than 2 consecutive hours without measurable 10 precipitation. T a during storms is 6.1 °C cooler than T a during non-storms, reflecting the dominance of winter events, whereas T d during storms is 1.5 °C warmer than T d during non-storms. Figure 2 shows the average monthly temperatures for T a and T d for non-storms (i.) and storms (ii.) in WY2011 and WY2014. For both non-storm and storm periods, the mean T a and T d are also close to 0 °C for roughly 8 months out of the year (October -May), whereas during summer months (June -September), these temperatures are significantly warmer than 0 °C. These mean values demonstrate the sensitivity of JD to 15 climate warming, as changes in temperature and humidity are likely to strongly impact precipitation phase at this location.
Radiation
Incoming shortwave radiation (280-2800 nm) (S i ) was measured continuously at three elevations (stations 125, 124b, and 124). Station 124 S i had to be occasionally gap-filled because ~ 0.5 % of the time series was missing. Only night-time hours were missing, so gaps were replaced with zeros, matching the other two stations. The WY averages for sites 125, 124b, and 20 124 are 171.9, 196.9, and 193.4 W m -2 , which equates to 14.9, 17.0, and 16.7 MJ m -2 day -1 . The diurnal cycle shifts slightly throughout the year: peak S i typically occurs ~10:00 am -4:00 pm (Mountain Standard Time (MST)) during summer, and ~12:00 pm -2:00 pm (MST) during winter.
Longwave radiation is important in many energy balance applications, such as simulating snowmelt and evapotranspiration 25 [Flerchinger et al., 2009] , and Raleigh et al. [2016] show that longwave radiation can limit model performance. However, many measurement networks, including JD, lack instrumentation to measure this variable. Nonetheless, longwave radiation is measured within RCEW at a slightly higher elevation (2034 m) approximately 3 km to the SE of JD. According to Flerchinger et al. [2009] , clear-sky longwave radiation can be accurately calculated based on T a , e a , and elevation using methods by Ångström [1918] , Prata [1996], or Dilley and O'Brien [1998] , or by Marks and Dozier [1979] , correcting for 30 cloud and atmospheric effects using nearby measured values.
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Wind
Wind speed (w s ) and direction (w d ) were continuously measured at seven sites. Ranging from 0.4 (the instrument threshold) to 24.2 m s -1 for all sites, w s is greatest at 124 because this site is heavily exposed to wind (Table 1 ). In fact, w s at the exposed 124 site is on average twice that of all other sites, ranging from 1.1 to 24.2 m s -1 . During storms, wind speeds are on average 1.3 times faster than during non-storms. During winter storms, w d ranges from 180 to 220° (measured clockwise 5 from north) whereas w d usually ranges between 135 and 225°. These values agree with the relatively consistent wind directions of 175 to 230° observed in other sub-watersheds of RCEW and in the nearby DCEW [Winstral et al., 2013; Kormos et al., 2014] .
Precipitation
The dataset includes unshielded (ppt u ), shielded (ppt s ), and wind-corrected (ppt a ) precipitation measurements for two sites in 10 JD (125, 124), and shielded (ppt s ) and wind-corrected (ppt a ) for site 124b. The percentage of precipitation that is in the form of rain, snow, or a mixture of rain-and-snow was calculated using the humidity-based methods developed by Marks et al. [1999 Marks et al. [ , 2013 . The precipitation data for stations 125 and 124 were wind-corrected using the dual gage correction methods developed by the ARS [Hanson et al., 2004] , which incorporate a conventional under-catch correction [Hamon, 1973] .
Because the 124b site has only a single gage, the dual gage correction methods cannot be applied to this site. Instead the 15 shielded data for 124b was wind-corrected using WMO [2008] methods. Wind exposure at the upper measurement site 124 results in roughly the same precipitation as at the lower elevation site 125. Precipitation catch at the sheltered site 124b is on average 1.2 times greater than at the wind-exposed site 124 (Table 1) . Based on water balance methods, we believe that the wind-exposed values are too low and that measurements are more representative at the sheltered sites. Thus, we suggest that an orographic lapse rate using only sites 125 and 124b better represents the true precipitation lapse rate. We approximated 20 precipitation for site 124b for WYs 2004 -2007 via multiple linear regression using nearby precipitation measurement sites, which were within 1 km horizontally and within 100 m of the same elevation. Mean cumulative ppt a for the 11 WYs for stations 124, 124b and 125 was 566.3, 704.7, and 564.7 mm, respectively (Table 1) .
Stream, Snow, and Soil Data
Stream Discharge 25
Stream discharge was measured continuously with a stage recorder using a drop box weir at the watershed outlet [Pierson et al., 2001] . The intermittent stream draining JD typically starts flowing in early November as winter snow cover becomes continuous and ceases to flow around mid-July. Stage height was converted to stream discharge using a rating curve [Pierson and Cram, 1998 ] and frequent field measurements to ensure high-quality flow records [Pierson et al., 2001] . Average stream discharge over the period of record is approximately 0.007 m 3 s -1 with the largest discharge of 1.63 m 3 s -1 on 14 February 30 2014 during a rain-on-snow event. Total annual runoff for each WY is shown in Figure 3 .
Snow Depths
Snow depths were collected at all 11 sites on an hourly basis for all periods when each sensor was installed. Raw snow depths from all stations were processed in a multi-step fashion. We first defined the start and end of the snow-covered period for each WY, the peak snow depth, and a smoothing window for each sensor (usually 8 hours, but exceptions as noted below are detailed in Supplemental Information). Furthermore, because the snow depth sensor is unreliable during storms due to 5 the sonic signal reflecting from hydrometeors, these values were filtered and removed. If the gaps that this created were longer than the specified smoothing window, they were not filled. There were 127 unfilled gaps for all stations and years. If gaps were shorter than the smoothing window, then missing data were interpolated. This smoothed dataset was further quality-checked by visually comparing cumulative precipitation and changes in snow depth. If snow depth increased while precipitation was zero, we extended the typical 8 hour smoothing window to 40 hours to minimize incorrectly interpreting 10 noise as the snow depth signal. Thus, if snow depth decreased during a storm due to compaction, these data were smoothed and preserved. Mean peak snow depths can be found in Table 1 . As expected, north-facing slopes and sheltered sites have deeper snowpacks that last longer throughout the snow season compared to south-facing slopes and wind-exposed sites (Figure 3) , primarily due to shortwave radiation and scour differences.
Although this dataset does not include snow water equivalent (SWE) measurements, which complement snow depths, it 15 appears likely that methods of converting LiDAR-derived snow depth to SWE may soon allow conversion of the 11 continuous snow depth measurements [Kirchner et al., 2014] . We expect that an improved understanding of snow melt and soil frost may build on these observed snow depth, and soil moisture and temperature measurements.
Soil Moisture and Temperature
Soil moisture probes were installed at 8 of the 11 sites at various depths (Table 1) Processing of the soil moisture data included correcting extremely dry measurements resulting from sensors with bad components. The faulty equipment was not immediately apparent because errors are only expressed when water contents are very low. Thus, the reported values are accurate for all the hydrologically active periods. During the summer dry down and 25 winter freezing events, once a value of about 0.08 m 3 m -3 is reached, the data drop rapidly to unrealistic values, and when water contents rise due to precipitation inputs or thawing, they return to accurate values. In order to make a continuous estimate of water content and storage, we replaced the faulty values using continuous values from adjacent functional sensors. From these corrected values, we calculated the average water storage for the north-facing slopes using a soil depth of 100 cm and for south-facing slopes using a depth of 50 cm (Figure 4) . For both WYs, water storage on north-facing slopes 30 is on average 1.5 times greater and lasts longer than on south-facing slopes.
Mass Balance Analysis
We estimated evapotranspiration using a mass balance approach based on measured precipitation and stream discharge to ensure that the measurements were reasonable when integrated at a watershed scale. We assumed that net groundwater fluxes and annual changes in storage were negligible, which is supported by soil moisture data. We approximated the annual precipitation of JD by averaging the annual precipitation from 125, 124b and 124. WY precipitation was estimated to be 5 756.9 ± 65.6 and 532.8 ± 46.5 mm year -1 for WY2011 and 2014, respectively. We converted annual stream discharge to specific discharge by normalizing the annual stream discharge to the watershed area. These values were estimated to be 311.4 ± 77.8 and 89.9 ± 22.5 mm year -1 for WY2011 and 2014, respectively. Uncertainty terms were calculated based on error propagation for sums and differences. We then used the hydrological mass balance equation to estimate evapotranspiration, which was approximated to be 445.5 ± 101.7 and 442.9 ± 51.7 mm year -1 for WY2011 and WY2014, 10 respectively. These estimates agree closely with the value of 425 mm year -1 measured in the nearby RME catchment using eddy covariance techniques [Flerchinger et al., 2010] .
Data Availability
All data presented in this paper are available from the USDA National Agricultural Library (see Enslin et al., 2016, doi 10 .15482/USDA.ADC/12587690). The directory includes a readme file in PDF format listing the contents within each 15 directory with a detailed data description, naming conventions, instruments used, and contact information for additional inquiries, a watershed DEM, and shapefiles of the watershed boundary and the station locations. The readme file defines the formats for the 3 precipitation files, 11 meteorological data files, 1 stream discharge file, 11 snow depth files, and 8 soil temperature and moisture files.
Conclusions 20
The dataset presented is the most complete and comprehensive available to date from the rain-snow transition zone. It includes 11 water years (2004 -2014) of continuous hourly meteorological data including air and dew point temperature, relative humidity, vapor pressure, precipitation, wind speed and direction, and shortwave radiation at 50 m elevation intervals spanning the JD catchment. Other data include snow depth, stream discharge, and soil moisture and temperature.
The dataset is important for a variety of scientific questions because it: (1) captures complex atmosphere-surface-subsurface 25 dynamics in the rain-to-snow transition zone, (2) represents hydrometeorological differences along both an elevational gradient and between aspects, and (3) provides all the necessary data required for applying a variety of models. It is our intention that this dataset will be used by scientists to improve understanding of the basin-scale interactions and responses for a mountain watershed transitioning from snow-to rain-dominated. High-resolution hydrometeorological datasets can offer researchers opportunities for interdisciplinary studies at the watershed scale. For example, future studies might leverage 30 this data to better understand how (1) changes in precipitation magnitude and temperature impact water storage and Earth Syst. Sci. Data Discuss., doi: 10.5194/essd-2016-44, 2016 
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